This study measures the annual effective dose and concentrations of radon in indoor building in Kerbala University, Freiha-Iraq. Radon concentrations were determined using time-integrated passive radon dosimeters open and closed containing (CR-39) solid-state nuclear track detectors. Measurements were carried out during the months of March and April of 2015.
Introduction
Radon is a colorless, odorless, tasteless, non-flammable and α-radioactive gas. Therefore, it cannot be detected with human senses. Its melting point is −70°C and boiling point is −60.8 °C. Radon has the highest gas density of ~ 9.96 kg.m −3 and is about seven times heavier than air. Being a noble gas, it has greater ability to migrate freely through soil, air, etc 1 . Radon has three important isotopes. These are: U decay series). Scientifically, radon is known to be 222 Rn, the most abundant isotope of the element radon 8 . In the literature, the terms radon and 222 Rn are often used interchangeably. This approach has been also adopted in the present work. 219 Rn has a relatively low abundance in the earth's crust, i.e. only about 0.7%, and has the shortest half-life of ~ 4 seconds. Because of its very short half-life, 219 Rn usually disappears soon after its production. 220 Rn is also not able to travel far (i.e. decays before reaching the earth's surface due to its short half-life of 55.5 seconds), and can often be eliminated from the monitoring system by introducing filters or other delaying techniques. The most important isotope of radon is 222 Rn. Its half-life is 3.82 days and can move substantial distances from its point of origin 2 . That is why only 222 Rn is generally considered as a health hazard when estimating risk factors from exposure to radon. There are no sinks for radon, and it is estimated that only negligible quantities escape to the stratosphere 3 . As a result, the ultimate and sole fate of 222 Rn is transformation or degradation through radioactive decay.
The primary sources of radon and radon daughter in buildings are the soil adjacent to the building, potable water supplies and building materials 4 . Radon in outdoors, air may also enter a structure as the air is exchanged. This input is usually more than balanced by the loss of radon of the outdoors (since indoors air concentrations are usually higher than those outside the structure). The other source of radon entry into a building that has been examined is natural gas usage. However, this source is usually very small in comparison with the others.
Characterization of the indoor source of radon requires consideration of the rate at which radon is generated in the source materials and its modes of transport through various materials.
As mentioned earlier, radon is directly produced from radium in the 238 U decay series, which is found everywhere in varying trace amounts in the earth's crust, therefore, the major contributor to the indoor radon concentration is the soil beneath the house 5 . Radon gas in the soil near buildings can move into houses through cracks or holes in the foundation. This phenomenon provides a partial explanation for the observed higher radon levels in basements and on ground floors as compared to upper stories. The other key factor may be normal air circulation patterns.
Building materials generally contribute fairly little to the total indoor radon concentration, except when the radium content in it is above the normal values. All building materials are derived from soil and rocks that contain trace amount of radioactive nuclides occurring in the earth's crust. Many of the building materials such as bricks, wallboard or concrete are sufficiently porous and allow the radon to enter into the indoor air. Materials which are not derived from the earth's crust, such as wood, tend to have a very low radium concentration 6 . Consequently, radon concentrations in dwellings partly depend on construction practices and materials used.
Radon is an important source of the natural radiation. It is estimated that 50-55% of the average annual dose from natural background radiation is contributed by 222 Rn alone 7 .
The most important factors controlling radon migration and accumulation in buildings include 1) the transmission characteristics of the bedrock, including porosity and permeability; 2) the nature of the carrier fluids, including carbon dioxide gas, surface water, and groundwater; 3) weather; 4) soil characteristics, including permeability; 5) house construction characteristics, and 6) life style of house occupants 8 . Radon is an unstable radionuclide that disintegrates through short-lived decay products before eventually reaching the end product of stable lead. The short-lived decay products of radon are responsible for most of the hazard by inhalation. The rate of radon's radioactive decay is defined by its half-life, which is the time required for one half of any amount of the element to break down 9 . The largest natural source of radiation exposure to humans is radon gas, that exist on air, water and soil. While radon gas has always been in the environment, its contribution to human radiation exposure has increased in recent years. Radon's primary pathway is from the earth, through the basements of houses and other buildings, and into inside air that people breathe. Radon exposures can vary depending on the soil and rock structure beneath buildings. To conserve energy, buildings are more tightly constructed so there is less exchange of inside air with fresh air from outside. This tends to trap radon inside 10 . Radon moves into the disturbed zone and the gravel bed underneath from the surrounding soil. The backfill material in the disturbed zone is commonly rocks and soil from the foundation site, which also generate and release Radon. The amount of Radon in the disturbed zone and gravel bed depends on the amount of uranium present in the rock at the site, the type 24 and permeability of soil surrounding the disturbed zone and underneath the gravel bed, and the soil's moisture content 11 . The aim of this study was to measure the radiation dose to all students, professors and staff of the University of Karbala, as a result of the emission of alpha particles from radon and its isotopes. This is done by measuring the concentration of radon in the air of buildings Karbala University.
Description of the study area
The location of the studied area has been determined using 
Experimental procedure
The annual effective dose of radon and indoor radon activity concentrations were measured by using eleven dosimeter Passive open and eleven dosimeter closed can technique employing solid state nuclear track detector (SSNTD) CR-39 was used. Which is commercially marketed as CR-39, the detector was manufactured by Per shore Molding Ltd., U.K. 500 μm thick in the form of large sheets which were cut into 1.5 cm × 1.5 cm which is fixed by double side solo tape on the bottom of the plastic cup.
To measure the annual effective dose and concentrations of radon gas in the air some of the buildings in Kerbala University, we used dosimeter passive radon cumulative (Integrated Passive Radon Dosimeter), which contains the detector solid-state CR-39 and the dimensions of where they are digging a certain number on the upper right corner of the detector to facilitate the process of gathering information and the distinction between detectors all the different places, and this proves the detector in the bottom of the plastic box by adhesive is a two-sided. So that the face engraved upon the figure is heading up then covered enclosure lid tightly the hole diameter (1.3) cm and covered with a spongy thick cm (0.5) to impede the isotopes of other radon remains a number of these cans without a cover, one open and one closed dosimeters in each house of the houses have been selected.The can technique is usually used in this type of study. A brief description is given in Figure 2 .
The use of the cup type involves the use of double-sided tape to fix the detector at the bottom of the cup. It also involves making an opening at the center of the cup's lid and covering it with a sponge to protect the detector from dust using glue. The detectors were removed from the dosimeters and fixed in a plastic. The detector chamber is a cup of 5 cm in radius and 7 cm in height as shown in Figure 2 . The cups were covered by a piece of sponge act as a filter to discriminate the short-lived thoron and actinon by delaying the entry of gases into the chamber. The dosimeter at each site was installed vertically at approximately 2 meters from the floor (breathing zone). During the decay process of radon in the chamber to its progeny, alpha particles are emitted. Some of these alpha particles will hit the CR-39 detector if it falls within their ranges. In this way, the detector will accumulate over time a number of tracks proportional to the concentration of radon gas in the room. After the exposure period of two months (March and April, 2015). In order to obtain useful statistics, the detectors were removed from cans and etched chemically for 8 h in a (NaOH) solution of normality (6.25 N) in a constant temperature bath at 70oC. After etching, the detector was washed in distilled water for 10 minutes, and then air-dried. The tracks alpha particle on the surface of the detectors were counted manually under an optical microscope of type Nikon YS Alphot Japan)) magnification of 400X and then I went back tracks in at least 20 different locations for each detector, because the phenomenon of radiation resulting from the decomposition of radon is a random statistical phenomenon purely.
Results and Discussion
In the present work, annual effective dose and indoor radon concentrations, were measured for 11 campuses in Kerbala University, Freiha. The radon activity density C, in units of Bq/m 3 , is then calculated using the following relation:
where C o is the activity density of the calibration chamber in kBq/m 3 , t o is the calibration exposure time, ρ is the measured number of tracks per cm 2 on the CR-39 detectors that were inside our dosimeters used in the studies, ρ o is the measured number of tracks per cm 2 on the calibrated CR-39 detectors and t is the exposure time on the distributed dosimeters.
After concentrations of radon account closed and open air in campus for dosimeters, we were able to calculate the equilibrium coefficient (F) in all the campus of the study, using the following relationship 12 : - ). The annual effective dose (AED) in terms of (mSv/y) units was obtained using the relation [13] [14] [15] :
Where F is the equilibrium factor, (H) is the occupancy factor which is equal to (0.8), (T h ) is the time in hours in a )]. Table 1 summarizes the results obtained in the present work for radon gas concentrations in indoor campus in different sites in Kerbala university, it can be noticed that, the highest average radon concentration in indoor campus for open dosimeters was found in the department of mathematics of education college, which was (95.150 ± Bq/m 3 ), while the lowest average radon concentration was found in Collage of Sciences-Biology Department which was (27.231 ± 4.5 Bq/m 3 ), see Figure 2 , with an average value of (60.348 ± 27.2 Bq/m 3 ). In addition that, the highest average radon concentration in indoor campus for closed dosimeters was found in College of Education which was (88.975 ± 2.8 Bq/m 3 ), while the lowest average radon concentration was found in Collage of Sciences-Physics Department which was (17.969 ± 3.1 Bq/m 3 ), see Figure 2 , with an average value of (51.554 ± 28.3 Bq/m 3 ), which is less than even the lower limit of the recommended range (200-300 Bq/m 3 ) (ICRP, 2009) 16 . Also from Table 1 , for it can be noticed that the annual effective dose (AED) received by the residents of the study area varies from (0.036 mSv/y) (central library campus) to (0.636 mSv/y) (College of Islamic Sciences) with an average value of (0.161mSv/y) for open dosimeters and the annual effective dose (AED) received by the residents of the study area varies from (0.033 mSv/y) (central library campus) to 0.389 mSv/y) (College of Islamic Sciences) with an average value of (0.113 mSv/y) for closed dosimeters. In all the campus, surveyed in the present work, the indoor annual effective dose is less than even the lower limit of the recommended range (3-10 mSv/y) (ICRP, 1993) 17 . From Table 1 , the equilibrium factor values vary from 0.009 (Collage of Education) to 0.203 (Collage of SciencesPhysics Department), with an average value of 0.053. The equilibrium factor is less than even the lower limit of the recommended (0.4-1) 14 . Through the results of the study that has been reached it can be said that there were no health risks to the lives of the people living in these homes, compared with the levels set by the WHO and other international organizations that are interested in the study of radiation and prevention organization.
Nevertheless, it can do some preventive measures in homes and to reduce the radon isotopes through good ventilation by opening doors and windows are periodically because of radon and his peers are in a gas can escape from the house. In addition, to do maintenance work for cracks and holes that occur in the floor and walls of houses to prevent the flow of alpha particles emitted from radon and its isotopes. Figure 3 shows the difference in the concentration of radon in some buildings the University of Karbala between the closed and open dosimeters. Figure 3 shows the variation in concentrations of radon in some buildings the University of Karbala between the closed and open dosimeters.
The reason for varying concentrations of radon per building dates back to the entry of radon and its isotopes to open dosimeters, while closed to dosimeters excludes them isotopes of radon due to disability made by the sponge placed on the nozzle dosimeters and short half-life of these isotopes compared to radon. Figures 4 and 5 show the interrelationship between the equilibrium factor and the dose of radiation from radon and its isotopes, closed and open for dosimeters respectively.
Note from Table 1 and Figures 4 and 5 , the radiation dose in the open dosimeters is higher than the radiation dose in dosimeters closed due to high concentrations of radon gas in the open dosimeters compared with the closed dosimeters. Finally, we can say that the radon concentrations obtained in this study do not pose a threat to the health and lives of employees of the University of Karbala because they are less than the permissible boundaries globally. We can reduce these concentrations to below what can be by following the simple scientific ways and means through good ventilation of buildings and stay away from the means of cooling and heating, which may increase the concentrations and no smoking in the buildings.
Conclusion
The results of the present work provide an additional database on indoor radon level in Kerbala University of Iraq. 
